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Background: Debridement and disinfection of the root canal system is a crucial step in endodontic procedures.
The effectiveness of irrigation relies on both the mechanical flushing action and the ability of irrigants to dissolve
tissue and kill bacteria. The objective of the present study is to evaluate and compare the cytotoxicity of QMix™
root canal irrigating solution on immortalized human bone marrow mesenchymal stem cells (hTERT-MSC-C1) and
to compare it with that of sodium hypochlorite (NaOCl).
Methods: Immortalized human bone marrow mesenchymal stem cells (hTERT-MSCs) were exposed to QMix™ and
NaOCl. Cell viability was assessed by 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and alamarBlue
assays. The cell morphology was studied after two hours of exposure to QMix™ and NaOCl. Scanning electron microscopy
(SEM) analyses were performed after 2- and 4-hour incubation periods. Finally, ethidium bromide/acridine orange (EB/AO)
fluorescent stain was applied to the cells in the 8-chamber slides after they were incubated with the testing agents for 2
hours to detect live and dead cells. The observations were tabulated and analyzed statistically.
Results: QMix™ exposure resulted in a significantly higher percentage of cell viability than NaOCl in the MTT and
alamarBlue assays at three time points compared to the control. The SEM analysis demonstrated minimal morphological
changes associated with cells that were exposed to the QMix™ solution, with little shrinkage and fragmentation of the cell
wall. The live/dead analysis showed that the number of live cells after exposure to QMix™ was similar to that of the
untreated control. No cell structure could be observed with the NaOCl group, indicating cell lysis.
Conclusion: Both the QMix™ and NaOCl solutions were toxic to human bone marrow MSCs. Each solution might have
induced cell death in a different way as evidenced in the cell viability, SEM and fluorescent studies. The slower cell death
induced by QMix™ might therefore be less aggressive and more acceptable to living tissues.
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The success of endodontic therapy depends on the eradica-
tion of microbes from the root canal system and the subse-
quent prevention of reinfection. Root canal irrigation has a
key role in the success of endodontic treatment. During
and after instrumentation, irrigants facilitate the removal
of microorganisms, tissue remnants, and dentin chips from
the root canal through a flushing mechanism [1,2].* Correspondence: ksucod@gmail.com
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unless otherwise stated.An ideal root canal irrigant solution should be nontoxic,
with a broad antimicrobial spectrum and the ability to dis-
solve necrotic pulp tissue, inactivating endotoxins, and ei-
ther prevent the formation of a smear layer or dissolve it
[3,4]. Currently, no single solution is able to achieve these
goals, and the combined, concomitant or sequential use of
two or more irrigating solutions is thus required [5]. So-
dium hypochlorite (NaOCl) and chlorhexidine digluconate
(CHX) are two common antibacterial agents used as root
canal irrigants [5-7].ral Ltd. This is an Open Access article distributed under the terms of the Creative
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and EDTA (15–17%) are the two most commonly used
intracanal irrigants [5,8]. Although sodium hypochlorite
has most of the desirable properties, it also can produce
cytotoxicity and severe inflammatory reactions [9,10]. Eth-
ylenediaminetetraacetic acid (EDTA) is effective for re-
moving the inorganic component of the smear layer [11].
However, due to undesirable outcomes, a combination of
these irrigants is not advisable [12-15]. Hence, the sequen-
tial use of EDTA, CHX and NaOCl has been advocated by
many researchers to produce optimal root canal irrigation
results [16-18]. It is imperative that the root canal irrigants
must not hamper the healing process of the apical region.
The biocompatibility of these materials is important, as
they come into contact with the peri-radicular tissues.
QMix™ is a 2-in-1 solution containing a bisbiguanide
antimicrobial agent (2% CHX) and a polyaminocarboxylic
acid calcium-chelating agent (17% EDTA) [19]. QMix™
was found to be effective in removing the smear layer and
also has substantial antimicrobial properties [19-22]. How-
ever, data regarding the cytotoxicity of this agent are not
available. Hence, the present study was conducted to
evaluate and compare the cytotoxicity of the QMix™
irrigating solution on immortalized human bone marrow
mesenchymal stem cells (hTERT-MSC-C1) using cell via-
bility assays, cell morphology evaluation, and fluorescence
light microscopy; 5.2% NaOCl was used for comparison.
Methods
The study was approved by the Departmental review
board of College of Dentistry Research Centre, king Saud
University, Riyadh.
Test solutions
QMix™2-in-1 (Dentsply Tulsa Dental, OK, USA) and
5.25% NaOCl (Clorox Co., Oakland, CA, USA) were
used in this study.
Cell culture
Immortalized human bone marrow mesenchymal stem
cells (hTERT-MSC-C1), at the 25th passage, were used for
all experiments in this study. The protocol of Simbula et al.
[23] was used in this study, with some modifications. The
human bone marrow mesenchymal stem cells were pro-
vided by Professor Moustapha Kassem at the Odense Uni-
versity Hospital, Denmark [24]. The cryopreserved cells
were rapidly thawed, transferred into a T-75 flask (BD Fal-
con™, NJ, USA) and cultured in Dulbecco’s modified Eagle’s
medium (Gibco®), which was supplemented with glutamine
(Gibco®), 1% penicillin-streptomycin (Gibco®), 10% fetal bo-
vine serum (FBS Gibco®), and 1% non-essential amino acids
(HyClone®), in a humidified atmosphere of 5% CO2/95% O2
at 37°C. At 70% confluence, the medium was aspirated, and
the cells were washed with phosphate-buffered saline.Three milliliters of pre-warmed 0.05% trypsin/EDTA
(Gibco®) was added to the flask, and the cells were incu-
bated for 1 minute. After gentle tapping, cell detach-
ment was checked under an inverted light microscope
(Observer A1, Zeiss®, Gottingen, Germany), and 12 ml of
culture media was then added to the flask to neutralize
the enzymatic effect of trypsin. For cell counting, two sam-
ples (10 μl) were taken from the cell suspension after ap-
propriate mixing. The samples were placed in the upper
and lower chambers of a Neubauer hemocytometer
counting chamber (Paul Marienfeld GmbH & Co. KG,
Lauda-Königshofen, Germany), and the cells were counted
manually under an inverted microscope (10X magnifica-
tion). The cells were seeded on different plates and slides,
as discussed below, for each part of the study. All proce-
dures were performed under a class II laminar flow hood
(LabGard ES 425 Biological Safety Cabinet, NuAire®).MTT cell viability assay
Cells were seeded in 96-well plates (clear, flat bottom, Poly-
styrene TC-Treated 96-well microplates) at a concentration
of 1 × 104 cells/well and were then incubated for 24 hours
to allow cell adherence to the bottom of the wells. Culture
media were then aspirated from each well and replaced
with 150 μl of sterile solution (QMix™ or NaOCl). Eight
wells were used as replicates for each group.
Each subgroup was incubated for the following periods:
2, 4, or 24 hours. Then, 10 μl of the MTT reagent (Cayman
Chemical Company, Ann Arbor, MI, USA) was added to
each well. Thereafter, 96-well plates were further incubated
for 3 hours at 37°C. Finally, the solution from each well was
aspirated, and 150 μl of dissolving agent was added to dis-
solve the formazan precipitate. The absorbance of each
sample was measured with a microplate reader (Epoch
Microplate Spectrophotometer, BioTek®) at a wavelength of
570 nm. The data were gathered using Gen5 Data Analysis
Software (BioTek®, USA). The experiment was repeated
twice for each group in each interval.AlamarBlue (AB) cell viability assay
The same groups that were used for the MTT assay
(mentioned above) were used for the AB assay with the
same intervals. The test agents were added to each well.
After 2-, 4-, and 24-hour incubation periods, 10% AB
reagent (Serotec®, Oxford, UK) was added to each well.
After the plates were further incubated for 4 hours, the
fluorescence of each well was measured at wavelengths
of 530/25 and 590/35 nm excitation/emission using a
fluorescence reader (BioTek®). The data were gathered
using the Gen5 Data Analysis Software (BioTek®, USA).
The experiment was repeated twice for each group in
each interval.
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Cell morphology was evaluated with SEM after 2 and 4
hours of exposure to the test solutions. Briefly, 8 × 104
cells/well were seeded onto glass cover slides (1 × 1.5
cm) in 6-well plates (CellStar®, Carrollton, TX) over-
night. The next day, the cells were exposed to the test
solutions. Two milliliters of each sterile irrigation
solution was added to the slides in each well. Control
untreated cells were maintained in culture medium. Im-
mediately after the test solutions were added, the cells
were examined under an inverted LM (10x magnifica-
tion). At the end of the incubation periods (2 and 4 hrs),
the solutions in each well were aspirated. The slides
were washed with PBS and were then fixed with 2.5%
glutaraldehyde in 0.1 M Na cacodylate buffer (pH 7.2) at
room temperature. Thereafter, the specimens were
washed with 0.1 M sodium cacodylate buffer (pH 7.2).
After fixation, the specimens were treated with 1% os-
mium tetroxide for 1 hour. Then, they were washed with
distilled water and dehydrated using graded ethyl alcohol,
in concentrations of 50%, 70%, 80%, 90% (5 minutes each),
95% (twice, 15 minutes each), and finally, 100% absolute al-
cohol (twice, 30 minutes each). The specimens were dried
using a critical point dryer with CO2 (SADRI-PVT-3B).
Slides were mounted on copper stubs with double adhesive
tape and were then gold sputter coated to a thickness
of 5–7 μm. The specimens were then observed and
photographed using a JSM-6360 LV scanning electron
microscope.
Two evaluators assessed the photomicrographs. The cell
morphology was described according to the following cri-
teria: the shape of the cell (normal or abnormal compared
with the control), attachment to the subsurface, attach-
ment to other cells, cytoplasmic surface extensions (blebs
or microvilli), and cell wall integrity. Roundness of the
cells, the presence of blebs, or detachment of the cells in-
dicated greater cell injury [25,26].
Live/dead analysis
Two solutions were selected for the live/dead analysis. A
modified Eagle’s medium (MEM) without phenol red
(Gibco®, Gaithersburg, MD) was used for this experiment.
Briefly, cells were seeded in three 8-chamber slides (Lab-
Tek®) at a concentration of 1.5 × 104 cells/well and were
then incubated for 24 hrs to allow cell adhesion to occur.
The culture medium in each well was replaced with 300 μl
of each solution and then incubated for 2 hrs. Finally, 10
μl of EB/AO fluorescent dye was added to each chamber,
and the fluorescence of the cells was analyzed under a
fluorescent inverted microscope (ECLIPSE Ti, Nikon,
Tokyo, Japan), with 10X magnification. Images were cap-
tured with imaging software (NIS-Elements, Nikon,
Tokyo, Japan). The EB/AO fluorescent dye was prepared
by mixing 15 mg acridine orange with 50 mg ethidiumbromide powder that was first dissolved in 1 ml 95% etha-
nol and then diluted in 49 ml of distilled water (dH2O).
The images were evaluated by two evaluators according
to previously described criteria. Under the green filter, an
intact green nucleus, which is comparable to the control,
indicates a viable cell, whereas a green fragmented nucleus
indicates early apoptosis. A red nucleus indicates a ruptured
cell wall, whereas a red intact nucleus indicates necrosis,
and a fragmented red nucleus indicates late apoptosis under
the red filter [27,28].
Data and statistical analysis
The results of the MTT and AlamarBlue assays were cal-
culated as percentages relative to the control (100% = no
toxicity). The data were analyzed using SPSS Pc + version
21.0 statistical software. Descriptive statistics (mean and
standard deviation) were used to describe continuous out-
come variables. Student’s t-test for independent samples
was used to compare the mean values of two groups. A
one-way analysis of variance, followed by a multiple com-
parison Tukey’s test, was used to compare the mean values




The MTT assay was conducted on three groups (the
QMix™ group, NaOCl group, and Control group) with
cultured hTERT-MSCs in 96-well plates. Each group was
incubated for 2, 4 and 24 hours. The cell viability for
each group is presented as percentage of the control
group at each time point. The percentage cell viability of
each solution is illustrated in Figure 1. When the cells
were exposed to solutions for 2, 4 and 24 hours, the cell
viability decreased with time. The viability of cells ex-
posed NaOCl was significantly lower than that of cells
exposed to QMix™ at all time intervals (P < 0.05).
AlamarBlue assay
The AB assay was conducted for the QMix™, NaOCl and
Control groups using cultured hTERT-MSCs in 96-well
plates. The cell viability for each group is presented as the
percentage of the control group. The cell viability percent-
age of each solution is illustrated in Figure 2. When the
cells were incubated for 2 or 4 hrs, the cell viability of the
NaOCl group was significantly lower than that of the
QMix™ group (P < 0.05).
Cell morphology
Untreated negative control cells showed variable shapes,
including rhomboid, triangular, oval and spindle shapes, as
illustrated by light microscopy LM (Figure 3) Cells were
attached to each other and to the substrate. The cell wall
appeared smooth and intact, with some microvilli and
Figure 1 The cell viability percentage for NaOCl and QMix
solutions at 2, 4 and 24 hours after exposure using MTT assay.
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toxic effect of the test solutions was evident immediately
after their application to the cultured human bone mar-
row MSCs, and the normal cell morphology was altered
differently in each group (Figure 3). A high concentration
(0.5 mg/ml) of NaOCl caused the vacuolization of the
cytoplasm (Figure 3B), whereas QMix™ at the same con-
centration produced few alterations in the cell wall and no
vacuolization (Figure 3C).Figure 2 The cell viability for both NaOcl and QMix™ solutions
using alamarBlue assay at 2, 4 and 24 hours of exposure.
Figure 3 Human bone marrow hTERT-MSCs under inverted LM
after adding the testing agents (X10). A- Untreated cells, B - Cells
exposed to (0.5) Qmix™ solution (the cell shape was maintained with
few alterations), C- Cells exposed to (0.5) NaOCl; vacuolization was
evident in the cytoplasm.According to the SEM analysis, the cell number de-
creased relative to the control after a 2-hour exposure
to 0.5 mg/ml NaOCl. The remaining cells were smaller,
with a thread-like or round shape (Figure 4). Cells be-
came detached from the subsurface, and cell-to-cell at-
tachments were lost. Lysosomal secretions emerging
Figure 4 Human bone marrow hTERT-MSCs exposed for 2 hrs to QMix and NaOCl. A - QMix™ (x100), B - QMix™ (x1000), C - NaOCl (x100,
note the round or thread-like shape of the remnant cells), D- NaOCl (x1000, the ruptured cell wall and the extruded nucleus).
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truded through the ruptured cell wall.
After a 2-hour exposure to QMix™, the cell number and
cell shape were similar to those of the control, except for
the presence of an ill-defined cell outline. However, the
cells were still attached to adjacent cells and to the sub-
strate (Figure 4). In some areas, remnants of cell processes
were observed. The main dramatic change in the cell
morphology was in the cell wall, which had a mesh-like
appearance (Figure 4B), indicating disintegration. After 4
hours, the alteration of cell morphology was more signifi-
cant: the mesh-like appearance of the cells became more
intense, with an ill-defined shape and a fading outline, and
broken cell-to-cell attachments were observed. However,
the attachment to the substrate was maintained by some
cells (Figure 5).
Live/dead analysis with EB/AO staining
Cultured human bone marrow hTERT-MSCs were ex-
posed to 0.5 mg/ml of QMix™ and NaOCl for 2 hrs. The
EB/AO stain was applied to the cells, which were then ex-
amined under an inverted fluorescence microscope. The
images for each group display live cells in green and dead
cells in red. The untreated cells had intact, well-defined
nuclei, which were green under the green filter, as shown
in Figure 6A. Under the red filter, only the cell surface
showed red fluorescence, not the nucleus, which indicated
an intact cell wall (Figure 6B). When the cells wereexposed to QMix™, the cell number was similar to that
of the control group, and the nuclei were green, which
was similar to the appearance of the control cells. The
only difference was that some of these cells had con-
densed chromatin, which was evident under the red fil-
ter (Figure 6C, D). When the cells were exposed to
NaOCl, no cell structures, such as the nucleus or cell
membrane, were observed; cell lysis was evident, and
the remnant material was positive for both green and
red fluorescence (Figure 6E, F).
Discussion
This in vitro study was conducted to assess the cytotox-
icity of the QMix™ irrigating solution on human bone
marrow MSCs. MSCs have been suggested as a good
model for toxicological testing [29]. The MSCs that were
used in this study were immortalized by the ectopic ex-
pression of human telomerase reverse transcriptase (h-
TERT), which increased the life span of the cells [24]
and maintained their stem-like properties [30]. Earlier
studies have reported that immortalized cells can be
used as a test model for dental materials [31].
The observations from the study showed that both solu-
tions (QMix™ and NaOCl) are toxic to human bone mar-
row MSCs and cause cellular damage. This is consistent
with the results of previous studies that reported on
NaOCl toxicity [23,32,33]. NaOCl toxicity can be attrib-
uted to its high pH (hydroxyl ion action), which interferes
Figure 5 Human bone marrow hTERT-MSCs exposed for 4 hrs to QMix™ and NaOCl. A- QMix™ (x100), B-QMix™ (x1000), C - NaOCl (x100),
D- NaOCl (x1000).
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our results are in agreement with those of a previous
in vivo study, which found that QMix™ is toxic and can in-
duce an inflammatory response [35]. CHX is a toxic agent
that binds to the cell’s plasma membrane and increases its
permeability, allowing the leakage of lysosomal enzymes
[36]. EDTA, which is the second QMix™ component, is
also known to be cytotoxic, perhaps due to its chelating
effect and the accentuated drop in pH that it causes [11].
Cell viability decreased significantly when the cells were
exposed to NaOCl for all time periods examined. Cell
viability decreased significantly after being exposed to the
QMix™ solution for 2 or 4 hours. Moreover, after 24 hours,
cell viability was significantly decreased compared to 2
and 4 hours of exposure. These findings show that the
toxic effect of an agent gradually increases with time. This
observation is in agreement with those of previous studies,
confirming that toxicity is time dependent [37]. In con-
trast, the MTT assay results showed a significant decrease
in the cell viability of cells that were exposed to NaOCl at
all time periods examined. Compared with QMix™-
exposed cells, NaOCl decreased viability at 2 and 4 hours .
Previous studies have reported that the AB assay is
slightly more sensitive than the MTTassay. However, both
assays rely on enzymatic metabolism, which may be inhib-
ited or induced by the testing agent, thus producing a
false-positive or false-negative result. Therefore, careful in-
terpretation of the results is always recommended [38].Our observations suggest that the AB assay is a better
choice for cell viability testing because it is easy to per-
form, more consistent than the MTT assay, and recom-
mended by previous studies [38,39]. However, it is always
recommended to use more than one assay to assess cyto-
toxicity. Therefore, previous studies that relied solely on
the MTT assay should be re-evaluated and interpreted
with caution.
Microscopic morphological investigations are necessary
to confirm cellular toxicity [40]. This is because a cell can
undergo toxic changes, such as detachment, while still
continuing to metabolize MTT to formazan, resulting in
an over estimation of cell viability in the MTT assay com-
pared with the AB assay [38]. Therefore, cellular morpho-
logical characteristics were investigated for both solutions.
Cells that were exposed to QMix™ displayed fewer mor-
phological alterations. This observation is in agreement
with Faria et al., who reported that higher concentrations
of CHX would preserve the shape of the L929 cells [41]
due to its cell fixation effect [42].
The SEM images for the QMix™ group showed cyto-
plasmic shrinkage with partially fragmented but intact
cell walls. These characteristics are typical of apoptosis,
as reported previously [40]. In addition, the EB/AO
staining showed bright green fragmented nuclei, indi-
cating early apoptosis [27]. The cells exposed to NaOCl
had cytoplasmic shrinkage or ruptured membranes, which
are typical characteristics of necrosis [43]. The EB/AO
Figure 6 Live/dead analysis human bone marrow hTERT-MSCs under a fluorescence microscope (X10). 6A, 6B – Untreated cells with the
green filter, the nucleus appears intact , which indicates a viable cell. 6B-with the red filter, the nucleus appeared dark, and only the external surface of
the cells was red, indicating that the cell wall is intact. 6C, 6D- treated with QMix™ under a fluorescence microscope (X10), 6E,6F- treated with NaOCl
under a fluorescence microscope (X10).
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reflecting remnant material that may be the result of cell
lysis, and no cell structure could be observed. The overall
analysis of these results suggests that the cells in the
QMix™ groups are in the early stages of apoptosis but are
not yet dead, in contrast to the NaOCl group. Both NaOCl
and QMix™ are cytotoxic; however, it seems that their
mode of cell killing differs as a result of their different
compositions. According to Galluzzi et al. [44], cell death
can be classified into four different types based on the
morphological characteristics of the dying cells: apoptosis
(Type 1), autophagy (Type 2), necrosis (oncosis, Type 3),
and mitotic catastrophe. Each mode of cell death has itsown function; necrosis induces an inflammatory response
when it is needed, whereas apoptotic cells in vivo are rap-
idly phagocytosed without inducing an inflammatory re-
sponse, which is considered a mechanism for avoiding
immune activation. According to our findings, this mode
of cell death could be associated with a high concentration
exposure to NaOCl.
Apoptosis is an active form of cell death known as pro-
grammed cell death, and it is characterized by cell shrink-
age and the nuclear chromatin condensation followed by
nuclear fragmentation, with the normal morphological ap-
pearance of cytoplasmic organelles and the maintenance of
an intact plasma membrane [44]. According to our
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QMix™ exposure. However further markers such as detec-
tion of caspases, cleaved substrates, regulators and inhibi-
tors are necessary to substantiate this mode of cell death
speculated with QMix™ [45]. Cell death through apoptosis
is known to occur through two primary pathways: an
extrinsic pathway that involves death receptors, and an
intrinsic pathway that is modulated by members of the
Bcl-2 family [46], which consists of outer mitochondrial
membrane components [47]. Therefore, mitochondria are
considered key organelles in the pathways to cell death in
addition to its normal metabolic activity [48,49]. However,
these proteins may also function in some normal metabolic
pathways. Thus, mitochondrial metabolic activity investiga-
tions, such as the MTT assay, must consider these poten-
tial overlaps between pre-apoptotic cell activity and normal
cell metabolism [40]. This overlap could explain the
contradictory results of the AB and MTTassays.
In vitro cytotoxicity investigations reported that CHX
had a higher toxicity in cell cultures than NaOCl [33,41].
However, in vivo studies suggest that CHX or QMix™ is
less aggressive than NaOCl [35,50]. This difference could
be attributed to host defense mechanisms that operate in
the in vivo environment.
Our in vitro study has the following limitations: it was
conducted on cultured cells, and the results represent only
the response of these cells in isolation, without taking into
account the host defense mechanism for detoxification.
Furthermore, in a clinical setting, the solutions are always
delivered to root canals, which are surrounded by dentine,
and are then extruded to the periapical area. Previous
studies have reported that the cytotoxic effect of irrigants
can be neutralized by dentine [33,51]. We placed the solu-
tions directly onto the cells, and no attempts were made
to deliver these solutions through root canals to mimic
the clinical scenario.Conclusions
Within the limitations of this study, it can be concluded
that both the NaOCl and QMix™ solutions are toxic to hu-
man bone marrow MSCs. The QMix™ solution, which in-
duces slow cell death, seems to be more biocompatible
than the NaOCl solution. Hence, based on these observa-
tions, it can be concluded that the QMix™ is a relatively
safer root canal irrigant compared to NaOCl.Competing interests
The authors declare that they have no competing interests.Authors’ contributions
AK, SMA, AM and MAE carried out the study, laboratory procedures and
evaluation of the results. SA, AK and AMA involved in the development of
the concept, design of the study, revision of the manuscript and statistical
analysis. All authors read and approved the final manuscript.Author details
1Department of Restorative Dental Sciences, College of Dentistry, King Saud
University, Post Box 60169, Riyadh 11545, Saudi Arabia. 2Stem Cell Unit,
Department of Anatomy College of Medicine, King Saud University, P.O. Box
2925, Riyadh 11461, Saudi Arabia. 3Department of Periodontics and
Community Dentistry, College of Dentistry, King Saud University, Riyadh, Post
Box 60169 11545, Saudi Arabia.
Received: 18 February 2014 Accepted: 25 March 2014
Published: 29 March 2014
References
1. Goldman L, Goldman M, Kronman J, Lin P: The efficacy of several
irrigating solutions for endodontics: a scanning electron microscopic
study. Oral Surg Oral Med Oral Pathol 1981, 52:197–204.
2. Baker NA, Eleazer PD, Averbach RE, Seltzer S: Scanning electron
microscopic study of the efficacy of various irrigating solutions. J Endod
1975, 1(4):127–135.
3. Zehnder M: Root canal irrigants. J Endod 2006, 32(5):389–398.
4. Sousa S, Bramante C, Taga E: Biocompatibility of EDTA, EGTA and citric
acid. Braz Dent J 2005, 16:3–8.
5. Haapasalo M, Shen Y, Qian W, Gao Y: Irrigation in endodontics. Dent Clin
North Am 2010, 54(2):291–312.
6. Jeansonne M, White R: A comparison of 2.0% chlorhexidine gluconate
and 5.25% sodium hypochlorite as antimicrobial endodontic irrigants.
J Endod 1994, 20:276–278.
7. Zehnder M, Kosicki D, Luder H, Sener B, Waltimo T: Tissue-dissolving
capacity and antibacterial effect of buffered and unbuffered
hypochlorite solutions. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2002, 94(6):756–762.
8. Zehnder M, Schmidlin P, Sener B, Waltimo T: Chelation in root canal
therapy reconsidered. J Endod 2005, 31(11):817–820.
9. Pashley EL, Birdsong NL, Bowman K, Pashley DH: Cytotoxic effects of
NaOCl on vital tissue. J Endod 1985, 11(12):525–528.
10. Yesilsoy C, Whitaker E, Cleveland D, Phillips E, Trope M: Antimicrobial and
toxic effects of established and potential root canal irrigants. J Endod
1995, 21(10):513–515.
11. Hülsmann M, Heckendorff M, Lennon A: Chelating agents in root canal
treatment: mode of action and indications for their use. Int Endod J 2003,
36:810–830.
12. Niu W, Yoshioka T, Kobayashi C, Suda H: A scanning electron microscopic
study of dentinal erosion by final irrigation with EDTA and NaOCl
solutions. Int Endod J 2002, 35(11):934–939.
13. Serper A, Calt S, Dogan AL, Guc D, Ozcelik B, Kuraner T: Comparison of the
cytotoxic effects and smear layer removing capacity of oxidative
potential water, NaOCl and EDTA. J Oral Sci 2001, 43(4):233–238.
14. de Sermeno RF, da Silva LA, Herrera H, Herrera H, Silva RA, Leonardo MR: Tissue
damage after sodium hypochlorite extrusion during root canal treatment.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2009, 108(1):e46–e49.
15. Basrani BR, Manek S, Sodhi RN, Fillery E, Manzur A: Interaction between
sodium hypochlorite and chlorhexidine gluconate. J Endod 2007,
33(8):966–969.
16. Basrani B, Santos JM, Tjaderhane L, Grad H, Gorduysus O, Huang J, Lawrence HP,
Friedman S: Substantive antimicrobial activity in chlorhexidine-treated human
root dentin. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2002, 94(2):240–245.
17. Zamany A, Safavi K, Spangberg L: The effect of chlorhexidine as an
endodontic disinfectant. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2003, 96:578–581.
18. Krishnamurthy S, Sudhakaran S: Evaluation and prevention of the
precipitate formed on interaction between sodium hypochlorite and
chlorhexidine. J Endod 2010, 36(7):1154–1157.
19. Dai L, Khechen K, Khan S, Gillen B, Loushine BA, Wimmer CE, Gutmann JL,
Pashley D, Tay FR: The effect of QMix, an experimental antibacterial root
canal irrigant, on removal of canal wall smear layer and debris. J Endod
2011, 37(1):80–84.
20. Eliot C, Hatton JF, Stewart GP, Hildebolt CF, Jane Gillespie M, Gutmann JL:
The effect of the irrigant QMix on removal of canal wall smear layer: an
ex vivo study. Odontology 2013.
21. Pai S, Thomas MS: The effect of QMix, an experimental antibacterial root
canal irrigant, on removal of canal wall smear layer and debris. J Endod
2011, 37(6):741. author reply 741–743.
AlKahtani et al. BMC Oral Health 2014, 14:27 Page 9 of 9
http://www.biomedcentral.com/1472-6831/14/2722. Stojicic S, Shen Y, Qian W, Johnson B, Haapasalo M: Antibacterial and
smear layer removal ability of a novel irrigant. QMiX. Int Endod J 2012,
45(4):363–371.
23. Simbula G, Dettori C, Camboni T, Cotti E: Comparison of
tetraacetylethylendiamine + sodium perborate and sodium hypochlorite
cytotoxicity on L929 fibroblasts. J Endod 2010, 36(9):1516–1520.
24. Simonsen JL, Rosada C, Serakinci N, Justesen J, Stenderup K, Rattan SI,
Jensen TG, Kassem M: Telomerase expression extends the proliferative
life-span and maintains the osteogenic potential of human bone marrow
stromal cells. Nat Biotechnol 2002, 20(6):592–596.
25. Al Nazhan S, Spangberg L: Morphological cell changes due to chemical
toxicity of dental material: anelectronmicroscopic study of human
periodontal ligament fibroblasts and L 928 cells. J Endod 1990, 16:129–134.
26. Balto HA: Attachment and morphological behavior of human periodontal
ligament fibroblasts to mineral trioxide aggregate: a scanning electron
microscope study. J Endod 2004, 30(1):25–29.
27. Renvoize C, Biola A, Pallardy M, Breard J: Apoptosis: identification of dying
cells. Cell Biol Toxicol 1998, 14:111–120.
28. Ribble D, Goldstein N, Norris D, Shellman Y: A simple technique for
quantifying apoptosis in 96-well plates. BMC Biotechnol 2005, 5:12.
29. Scanu M, Mancuso L, Cao G: Evaluation of the use of human
mesenchymal stem cells for acute toxicity tests. Toxicology in vitro
1989–1995, 2011:25.
30. Tsai CC, Chen CL, Liu HC, Lee YT, Wang HW, Hou LT, Hung SC:
Overexpression of hTERT increases stem-like properties and decreases
spontaneous differentiation in human mesenchymal stem cell lines.
J Biomed Sci 2010, 17:64.
31. Illeperuma RP, Park YJ, Kim JM, Bae JY, Che ZM, Son HK, Han MR, Kim KM,
Kim J: Immortalized gingival fibroblasts as a cytotoxicity test model for
dental materials. J Mater Sci Mater Med 2012, 23(3):753–762.
32. Essner MD, Javed A, Eleazer PD: Effect of sodium hypochlorite on human
pulp cells: an in vitro study. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2011, 112(5):662–666.
33. Trevino EG, Patwardhan AN, Henry MA, Perry G, Dybdal-Hargreaves N,
Hargreaves KM, Diogenes A: Effect of irrigants on the survival of
human stem cells of the apical papilla in a platelet-rich plasma
scaffold in human root tips. J Endod 2011, 37(8):1109–1115.
34. Estrela C, Estrela CR, Barbin EL, Spano JC, Marchesan MA, Pecora JD:Mechanism
of action of sodium hypochlorite. Braz Dent J 2002, 13(2):113–117.
35. Chandrasekhar V, Amulya V, Rani V, Prakash T, Ranjani A, Gayathri C:
Evaluation of biocompatibility of a new root canal irrigant Q Mix™ 2 in
1- An in vivo study. J Conserv Dent 2013, 16:36–40.
36. Hidalgo E, Dominguez C: Mechanisms underlying chlorhexidine-induced
cytotoxicity. Toxicol In Vitro 2001, 15(4–5):271–276.
37. Giannelli M, Chellini F, Margheri M, Tonelli P, Tani A: Effect of chlorhexidine
digluconate on different cell types: a molecular and ultrastructural
investigation. Toxicol In Vitro 2008, 22:308–317.
38. Hamid R, Rotshteyn Y, Rabadi L, Parikh R, Bullock P: Comparison of alamar
blue and MTT assays for high through-put screening. Toxicol In Vitro 2004,
18:703–710.
39. Bopp S, Lettieri T: Comparison of four different colorimetric and
fluorometric cytotoxicity assays in a zebrafish liver cell line.
BMC Pharmacol 2008, 8:8.
40. Taatjes D, Sobel B, Budd R: Morphological and cytochemical determination of
cell death by apoptosis. Histochem Cell Biol 2008, 129:33–43.
41. Faria G, Cardoso C, Larson R, Silva J, Rossi M: Chlorhexidine-induced
apoptosis or necrosis in L929 fibroblasts: a role for endoplasmic
reticulum stress. Toxicol Appl Pharmacol 2009, 234:256–265.
42. Wilken R, Botha S, Grobler A, Germishuys P: In vitro cytotoxicity of
chlorhexidine gluconate, benzydamine-HCl and povidone iodine
mouthrinses on human gingival fibroblasts. Sadj 2001, 56:455–460.
43. Mantellini M, Botero T, Yaman P, Dennison J, Hanks C, Nor J: Adhesive resin
induces apoptosis and cell-cycle arrest of pulp cells. J Dent Res 2003,
82:592–596.
44. Galluzzi L, Maiuri M, Vitale I, Zischka H, Castedo M, Zitvogel L, Kroemer G:
Cell death modalities: classification and pathophysiological implications.
Cell Death Differ 2007, 14:1237–1243.
45. Elmore S: Apoptosis: a review of programmed cell death. Toxicol Pathol
2007, 35(4):495–516.
46. Adams J, Cory S: The Bcl-2 protein family: arbiters of cell survival.
Science 1998, 281:1322–1326.47. Bernardi P, Scorrano L, Colonna R, Petronilli V, Di Lisa F: Mitochondria and
cell death. Eur J Biochem 1999, 264:687–701.
48. Lemasters J, DiGuiseppi J, Nieminen A, Herman B: Blebbing, free Ca2+ and
mitochondrial membrane potential preceding cell death in hepatocytes.
Nature 1987, 325:78–81.
49. Hockenbery D, Nunez G, Milliman C, Schreiber R, Korsmeyer S: Bcl-2 is an
inner mitochondrial membrane protein that blocks programmed cell
death. Nature 1990, 348:334–336.
50. Gomes-Filho J, Aurelio K, Costa M, Bernabe P: Comparison of the
biocompatibility of different root canal irrigants. J Appl Oral Sci 2008,
16:137–144.
51. Haapasalo M, Qian W, Portenier I, Waltimo T: Effects of dentin on the
antimicrobial properties of endodontic medicaments. J Endod 2007,
33:917–925.
doi:10.1186/1472-6831-14-27
Cite this article as: AlKahtani et al.: Cytotoxicity of QMix™ endodontic
irrigating solution on human bone marrow mesenchymal stem cells.
BMC Oral Health 2014 14:27.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
